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METHOD OF ESTIMATING SUBSTRATE TEMPERATURE 



This is a continuation application under 35 U.S.C. 111(a) of pending 
prior International Application No.PCT/JP02/11250, filed on October 30,2002. 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method of estimating a surface 
temperature of a substrate during epitaxial growth of a semiconductor layer on 
the substrate in a semiconductor device fabrication process. 
Description of the Related Art 

In recent years, there have been developed high-performance 
semiconductor devices so called heterostructure devices such as hetero bipolar 
transistors (hereinafter referred to as "HBTs"). Such a heterostructvire device is 
fabricated by epitaxial growth of a crystal that is different from the substrate. 
The use of such epitaxial growth technology makes it possible to stack thin crystal 
films that are different in physical properties from each other with a high 
precision of the order of about a mono atomic layer to several nanometers. 

In the fiibrication of such a heterostructure device, control of the film 
thickness and composition ratio profile of an epitaxial layer is critical. This is 
because, without such control, volume production of heterostructure devices 
exhibiting desired characteristics would be impossible. The thickness and 
composition profile of the epitaxial layer are determined by epitaxial growth 
conditions. Therefore, in voliune production of heterostructure devices, it is 
necessary to reproduce growth conditions that have been previously confirmed to 
provide such devices with desired characteristics. 



Conventionally, the CVD (Chemical Vapor Deposition) process 
has been widely used. In this process, epitaxial growth is performed by 
supplying a vapor (source gas) as a material for growth into a growth chamber in 
which a heated substrate is placed to cause a chemical reaction to occur between 
the source material molecule and the material of the substrate on the substrate 
surface. In the case of the CVD process, the composition ratio of a crystalline 
thin film of a mixed crystal material such as SiGe (silicon germanium) can be 
controlled by adjusting the mixing ratio between plural kinds of source gases to be 
suppHed. 

The CVD process causes epitaxial growth to proceed by the chemical 
reaction between the material of the substrate on the substrate surface and the 
source material molecule as described above and, hence, the rate of growth is 
susceptible to the temperature of the portion where reaction proceeds. In the 
case of the UHVCVD (Ultra High Vacuiun Chemical Vapor Deposition) process 
employed for epitaxial growth of an SiGe mixed crystal, in particvilar, the rate of 
growth is susceptible to the surfoce temperature of the substrate. The UHVCVD 
process referred to herein is a technique enabling crystal growth to proceed at 
temperatures as low as about 500°C to about GOO'C by providing an ultra-high 
vacuxun atmosphere in the crystal growth chamber. Since the crystal growth 
proceeds imder such a low temperatvire, the UHVCVD process allows a condition 
called "reaction control condition" in which the rate of growth is completely 
controlled by the speed at which the chemical reaction proceeds at the substrate 
surface and hence hardly depends on the amoxmts of the sovirce gases suppUed. 
Under the reaction control condition, the rate of growth depends substantially 
only on the surface temperat\ire of the substrate and hence is sensitive to 
variation in the surface temperature of the substrate. For instance, where sihcon 
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is epitaxially grown on a substrate heated to a surfiace temperature of about 6OOXZ 
by the UHV-CVD process, a variation of only I'C in the substrate surface 
temperature causes the rate of growth to vary as largely as about 3%. 

Therefore, in volimie production of heterostructure devices by the 
UHV-CVD process, the substrate temperature is most important among the 
growth conditions to be reproduced. This is because even if the growth conditions 
other than the substrate temperature, such as the gas flow rate and growth time 
are reproduced precisely, a failure to reproduce the substrate temperature results 
in a grown layer having a film thickness and a composition ratio profile that are 
different firom desired ones, thus making it impossible to fabricate heterostructiu-e 
devices having desired characteristics. 

In volume production of heterostructure devices, usually, a plurahty 
of devices are feibricated on a single substrate and a required number of 
substrates are subjected to processing. Therefore, in order to fabricate a required 
niunber of heterostructure devices with a high yield, making each of the growth 
conditions imiform in the plane of the substrate and making the growth 
conditions constant for every substrate are both necessary. Accordingly, it is 
important in the UHV-CVD process to make the temperature uniformity in the 
substrate plane higher and make the substrate temperatxire constant for every 
substrate. 

In reproducing the surface temperatxire of a substrate, a technique of 
measuring the surface temperatvire is needed. That is, if the temperature 
distribution in the plane of a substrate imder epitaxial growth cannot be 
determined, adjustment to make the temperature in the plane of the substrate 
imiform is impossible. Further, if the temperatiires of respective substrates 
cannot be measured, it is impossible to reproduce a desired substrate surfiace 
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temperatiire. 

In semiconductor device fabrication processes, a thermocouple and a 
pjrrometer have been conventionally widely used, in a technique for measuring 
the surface temperature of a substrate. 

The thermocouple is constructed of two kinds of metals joined 
together and is adapted to measure a temperature by measuring a voltage 
generated in accordance with a difference in thermoelectromotive force between 
the metals when the temperature of the joint between the two metals reaches a 
predetermined value. 

However, the thermocouple needs to be placed close to a subject of 
measurement, i.e. a substrate siuface because of its operating principle and hence 
is not sxiitable for measurement of the temperature of a substrate surface on 
which a chemical reaction is proceeding. For this reason, the thermocouple 
cannot measure the temperature of a part other than the substrate surface such 
as a heater or the inside of a susceptor and hence is incapable of precise 
measurement of the temperature of the substrate surface. Fxuther, since the 
joint between the metals of the thermocouple needs to be connected to a voltmeter 
through electric wire, multipoint measurement for measuring the temperature 
distribution in the plane of a substrate reqxiires many interconnecting wires, so 
that the mmiber of measurement points is limited. 

On the other hand, the pyrometer is capable of measuring the 
temperature of a substrate siuface on which a chemical reaction is proceeding 
since the pyrometer is adapted to measure a temperature by measuring the 
intensity of electromagnetic wave emitted from a measuring region. To 
determine an exact temperature fix)m an electromagnetic wave intensity, the 
physical quantity called emissivity needs to be known. Actually, however, there is 
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a difficulty in measiiring the emissivity, which makes it difficult for the pyrometer 
to measure an exact temperature. Particularly, the emissivity of a substrate 
provided with a pattern depends greatly on the pattern, the material and 
thickness of the substrate, and the like. Fvu1:her, the emissivity of such a 
substrate provided with the pattern varies with epitaxial growth. For this reason, 
it is, in effect, impossible to measure the surface temperature of a substrate 
provided with the pattern with use of the pjrometer during epitaxial growth. 

It is, therefore, a conventional practice to control the temperat\u:e of 
the substrate provided with the pattern during epitaxial growth by measuring the 
temperature of the part other than the substrate surface such as the susceptor 
and controUing the heater based on the temperature thus measured. Such a 
conventional practice, however, involves a problem that even though the 
temperatxire of the susceptor for example is adjusted to a target temperatiu'e, the 
temperatvire of the substrate svirface does not become equal to the target 
temperature because the influence of the pattern made of an oxide film and 
polysihcon on the substrate causes the emissivity, thermal conductivity, heat 
capacity and the like of the substrate to vary 

In measuring a substrate siorface temperature with the pyrometer, a 
growth apparatus needs to have a window called view port for allowing the 
substrate surface to be observed. Such a view port raises another problem that 
the nimiber of measurement points is usually limited to a few points in spite of 
the need of temperature measiirement at many measurement points for 
measurement of the temperatxire distribution in the plane of the substrate. 

The present invention has been made in view of the foregoing 
circumstances. It is therefore an object of the present invention to provide a 
method of estimating substrate temperature which is capable of estimating the 
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siirfece temperature of a substrate provided with a pattern dixring epitaxial 
growth. 

Another object of the present invention is to provide a method of 
estimating substrate temperature which is capable of estimating the temperature 
distribution in a plane of a substrate by estimating temperatures at plixral points 
in the plane of the substrate. 

SUMMARY OF THE INVENTION 
With a view to attaining the foregoing objects, the present iavention 
provides a method of estimating substrate temperature comprising the steps of- 
epitaxially growing a first semiconductor layer on a substrate for temperatvire 
estimation, the first semiconductor layer being made of a single crystal material 
having an optical constant that is different fix)m an optical constant of the 
substrate for temperature estimation, and then epitaxially growing a second 
semiconductor layer on the first semiconductor layer under a reaction control 
condition, the second semiconductor layer being made of a single crystal material 
having an optical constant that is substantially equal to the optical constant of the 
substrate for temperature estimation and different fi:om the optical constant of 
the first semiconductor layer; measuring a film thickness of the second 
semiconductor layer by a method of optical measurement while measuring a 
sxirface temperature of the second semiconductor layer; calculating a rate of 
growth of the second semiconductor layer based on the film thickness of the 
second semiconductor layer thus measured to derive a relationship between the 
rate of growth of the second semiconductor layer and the surface temperature of 
the second semiconductor layer; epitaxially growing a third semiconductor layer 
on a substrate for device fabrication made of a material identical to a material of 
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the substrate for temperature estimation, the third semiconductor layer being 
made of a single crystal material having an optical constant that is different from 
the optical constant of the substrate for device fabrication, and then epitaxially 
growing a foiu1;h semiconductor layer on the third semiconductor layer imder a 
reaction control condition, the foiorth semiconductor layer being made of a single 
crystal material having an optical constant that is substantially equal to the 
optical constant of the substrate for device fabrication and different from the 
optical constant of the third semiconductor layer; measiuing a film thickness of 
the fourth semiconductor layer by a method of optical measxirementJ calculating a 
rate of growth of the fourth semiconductor layer based on the film thickness of the 
fourth semiconductor layer thus measured; and estimating a surface temperatxire 
of the fourth semiconductor layer based on the rate of growth of the fourth 
semiconductor layer thus calculated and the relationship. 

In the method of estimating substrate temperature, preferably, the 
second semiconductor layer and the fovirth semiconductor layer are each 
comprised of a semiconductor layer containing Si. 

In the method of estimating substrate temperature, preferably, the 
second semiconductor layer and the fourth semiconductor layer each further 
contains Gre. 

In the method of estimating substrate temperature, preferably, the 
second semiconductor layer and the fovirth semiconductor layer each further 
contains C. 

In the method of estimating substrate temperature, preferably, the 
substrate for temperature estimation, the second semiconductor layer, the 
substrate for device fabrication and the fourth semiconductor layer are each made 
of Si. 



In the method of estimating substrate temperature, preferably, the 
second semiconductor layer is made of Si, and the first semiconductor layer is 
made of SiGe. 

In the method of estimating substrate temperature, preferably, the 
first semiconductor layer has a Ge composition ratio not less than 5% and a film 
thickness equal to or less than a critical film thickness thereof. 

In the method of estimating substrate temperature, preferably, the 
second semiconductor layer is made of Si, and the first semiconductor layer is 
made of SiGeC. 

In the method of estimating substrate temperatvire, preferably, the 
film thickness of the second semiconductor layer is measured with use of a 
spectroscopic elhpsometer. 

In the method of estimating substrate temperature, preferably, the 
film thickness of the second semiconductor layer is measured with use of a 
spectral reflectometer. 

In the method of estimating substrate temperature, it is preferable 
that- a plurahty of fourth semiconductor layers are epitaxially grown on the third 
semiconductor layer under a reaction control condition; in the step of calculating 
the rate of growth of the fourth semiconductor layer, rates of growth of at least two 
of the plvirahty of fourth semiconductor layers are calculated; and in the step of 
estimating the surface temperature of the fourth semiconductor layer, surface 
temperatvires of the at least two of the fourth semiconductor layers are estimated 
based on the rates of growth of the at least two of the fourth semiconductor layers 
thus calculated. 

These and other objects, features and attendant advantages of the 
present invention wiQ become apparent fi-om the reading of the following detailed 
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description in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagram showing a graph of a Ge composition ratio profile 
in a SiGeHBT^ 

Fig. 2 is a diagram showing the relationship between rate of growth 
and Ge composition ratio of a growing layer; 

Fig. 3 is a diagram showing WA theoretical spectra obtained fi-om Si 
layers having respective thicknesses of 90 nm, 100 nm and 110 nm each formed 
on a 20 nm-thick SiGe layer having a Ge composition ratio of 2% with use of a 
spectroscopic elUpsometer; 

Fig. 4 is a conceptual illustration schematically showing the 
construction of a first structure used in the method of estimating substrate 
temperature according to the present invention; 

Fig. 5 is a diagram showing WA theoretical spectra obtained from Si 
layers having respective thicknesses of 90 nm, 100 nm and 110 nm each formed 
on the 20 nm-thick SiGe layer having the Gre composition ratio of 15% with use of 
the spectroscopic elUpsometer; 

Fig. 6 is a diagram showing reflectivity theoretical spectra obtained 
fi:om Si layers having respective thicknesses of 90 nm, 100 nm and 110 nm each 
formed on the 20 nm-thick SiGe layer having a Ge composition ratio of 15%; 

Fig. 7 is a diagram showing WA theoretical spectra obtained fi'om 
SiGe layers having a Ge composition ratio of 2% and respective thicknesses of 90 
nm, 100 nm and 110 run each formed directly on a Si substrate with use of the 
spectroscopic elhpsometer; 

Fig. 8 is a diagram showing WA theoretical spectra obtained fi-om 
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SiGe layers having a Ge composition ratio of 2% and respective thicknesses of 90 
nm, 100 nm and 110 mn each formed on a 20 nm-thick SiGle layer having a Ge 
composition ratio of 15% with use of the spectroscopic ellipsometer; 

Fig. 9 is a diagram showing the relationship between substrate 
temperature and rate of growth of a Si layer found in the method of estimating 
substrate temperature according to the present invention; and 

Fig. lOAis a diagram showing the relationship between film 
thickness of a growing layer of a single crystal such as Si and time of growth and 
Fig. lOB is a diagram showing the relationship between film thickness of the 
growing layer of a polycrystal such as polysihcon and time of growth. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention wiQ now be described in detail by way of 
embodiments with reference to the accompanying drawings. In the following 
description the surface temperature of a substrate is simply referred to as 
"substrate temperature." Where a semiconductor layer is grown on a substrate, 
the surface temperatiu*e of the growing semiconductor layer is defined as the 
substrate temperature. 
Embodiment 1 

The following description is directed to a method of estimating 
substrate temperature according to the present invention utilized in the 
fabrication of an HBT as one of heterostructure devices. For easy understanding, 
the structure of and the fabrication process for an HBT having a SiGe mixed 
crystal film (hereinafter referred to as "SiGeHBTO will be described first. 

Fig. 1 is a diagram showing a graph of a Ge composition ratio profile 
in the SiGeHBT. In Fig. 1, the ordinate axis indicates Ge composition ratio while 
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the abscissa axis indicates depth from the sxir&ce of a semiconductor layer 
stacked on a Si substrate. 

As shown in Fig. 1, the SiGeHBT is constructed by sequentially 
stacking a SiGe buffer layer having an invariant Ge composition ratio, a B-doped, 
composition-graded layer having decreasing Ge composition ratio as it is closer to 
the surface and a Ge-free Si cap layer on a Si substrate provided with a pattern. 

Such a structure having varying Ge composition ratio in the 
depthwise direction can be fabricated by varying the flow rates of respective 
source gases to be suppUed to a crystal growth apparatus during crystal growth in 
the UHV'CVD process. Where disilane and germane are used as soxirce gases, 
for example, supply of a source gas comprising disilane only to the crystal growth 
apparatus causes a Si layer to be epitaxLally grown, while supply of germane in 
addition to the supply of disilane causes a SiGe layer to be epitaxLally grown. 
Here, increasing the ratio of supply of germane to supply of disilane enables the 
Ge composition ratio of the resulting layer to increase. Accordingly, it is sufficient 
to increase the ratio of germane supply in order to grow a layer having a higher 
Ge composition ratio or to decrease the ratio of germane supply in order to grow a 
layer having a lower Ge composition ratio. 

In this way the SiGeHBT is fabricated. The rate of growth of an 
epitaxial layer being grown xmder a reaction control condition by the UHV-CS^ 
process varies depending on the substrate temperature and the Ge composition 
ratio. Therefore, precise measurement of the substrate temperatiare is desirable. 
However, the pattern formed on the Si substrate makes such precise 
measiurement difficult. For this reason, the present invention is configured to 
form a first structure using a substrate for temperature estimation which is not 
provided with any pattern and then estimate the substrate temperature of a 
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substrate provided with a pattern by utilizing the first structure. 

The method of estimating substrate temperature according to the 
present invention can be roughly divided into two stages. The first stage is to 
form the first structure to be described later using the substrate for temperature 
estimation and then find the relationship between the substrate temperature of 
the substrate for temperature estimation included in the first structure and the 
rate of growth of a layer growing on the substrate for temperature estimation. 
The second stage is to form a second structure using a substrate provided with a 
pattern for use in an actual fabrication process (hereinafter referred to as 
"substrate for device fabrication"), measure the rate of growth of a layer growing 
on the substrate for device fabrication included in the second structure, and then 
estimate the substrate temperature of the substrate for device fabrication based 
on the rate of growth thus measiu:ed and the relationship between the substrate 
temperature of the substrate for temperature estimation and the rate of growth of 
the layer growing on the substrate for temperature estimation. Description will 
be given of the respective two stages. 
First Stage 

As described above, in the first stage of the method of estimating 
substrate temperature according to the present invention, the relationship 
between the substrate temperatxire of the substrate for temperature estimation 
and the rate of growth of a growing layer is found. Here, the relationship is 
found based on the following principle. 

The rate of growth of a SiGe layer growing under a reaction control 
condition is determdned by the two factors- substrate temperatiu*e and Ge 
composition ratio. If the substrate temperature is constant, the rate of growth 
becomes higher with higher Ge composition ratio imtil the Ge composition ratio 
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reaches about 30%. If the Ge composition ratio is fixed to a certain value, the 
rate of growth is temperature-dependent Kke a typical thermal excitation type 
reaction. That is, the following equation (l) is established. 

-E(x) 

g(x,T) = C(x)e *^ ...(1) 

wherein g represents a rate of growth, T represents a substrate temperatiire (in 
xmit of absolute temperature), k represents a Boltzmann constant, E represents 
an activation energy and C represents a constant. 

In the above-noted equation, x represents the Ge composition ratio of 
a SiGe layer and a function that does not contain T is meant to have no 
temperature dependence. 

When the equation (l) is solved for T, the following equation (2) is 

estabUshed. 

E(x) 1 

T 7-^ r^FV- -(2) 

C(x) 

Accordingly, if C(x) and E(x) are found, the substrate temperature is 
determined from the rate of growth. It should be noted that it is not necessary to 
find CGO and E(x) for aU values of x but is sufficient to find Chd and E(x) for at 
least one value of x. 

To find C(x) and E(x), the first structure is formed using the 
substrate for temperature estimation in the manner described below and the 
substrate temperature of the substrate for temperature estimation and the rate of 
growth of the growing layer are measured. 

Since C(x) and E(x) are values irrelevant to a substrate, a substrate 
which is not provided with any pattern can be used in finding these values. As 
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already described, the substrate temperature of a substrate which is not provided 
with any pattern can be measured precisely with a pyrometer. For this reason, in 
this embodiment, such a substrate which is not provided with any pattern is used 
as the substrate for temperature estimation and the substrate temperature of the 
substrate for temperature estimation is measured with the pyrometer. 

In the present invention, the Ge composition ratio x is preferably 0, 
i.e., X = 0. This means that a layer growing on the substrate for temperature 
estimation is preferably made only of Si, for the following two major reasons. 

Firstly, since the rate of growth of the growing layer varies 
depending not only on the substrate temperature but also on the Ge composition 
ratio, analysis on variations in the rate of growth need be conducted to classifiy 
the variations into two categories, a variation caused due to change in the 
substrate temperature, and a variation caused due to change in the Ge 
composition ratio. Fig. 2 is a diagram showing the relationship between rate of 
growth and Ge composition ratio of a growing layer at a growth temperature of 
600*C. As apparent from Fig. 2, the rate of growth of a SiGe layer depends on the 
Ge composition ratio thereofi for example, the rate of growth of a SiGe layer 
having a Ge composition ratio of 0.15, i.e., x = 0.15, is about five times as high as 
that of a SiGe layer having a Ge composition ratio of 0, i.e., x = 0. 

Though analysis on variations in the rate of growth classified into 
the aforementioned categories is possible in principle, such analysis reqioires that 
the film thickness and Ge composition ratio of a layer be measured precisely at 
the same time, which results in a drawback that an error tends to occur in 
determining the substrate temperature. In contrast, Si, which does not have a 
variable, i.e., a Ge composition ratio, has the advantage that such an error does 
not occxir. 
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Secondly, as apparent from the equations (l) and (2), a variation in 
the rate of growth g becomes larger with increasing activation energy E when the 
substrate temperature T varies. Accordingly, the precision with which the 
substrate temperature T is determined from the rate of growth g becomes higher 
with increasing activation energy E. With too low activation energy E, the rate of 
growth g becomes too high when the substrate temperatxire T is high. For this 
reason, supply of the sovirce gases cannot catch up with increasing rate of growth 
g, which causes the rate of growth g to be controlled by the rate of supply of source 
gases. In such a case, determination of the substrate temperature T from the 
rate of growth g becomes impossible. In this respect, also, Si is very convenient 
for use because Si has a larger activation energy E than SiGe mixed crystal. 

The rate of growth of a growing layer can be obtained by dividing the 
film thickness of the growing layer by the time required for the growth of the layer. 
Where the substrate and the growing layer are made of different materials and 
hence have different optical properties, the film thickness of the growing layer can 
be measured easily by known methods such as an FTIR (Fourier Transform 
Infrared Spectrometer), reflectivity measurement, and an eUipsometer to be 
described later. However, where the substrate and the growing layer are made of 
the same material and hence have the same optical properties, such known 
methods are incapable of measuring the film thickness of the growing layer. 

Accordingly, in the present invention, a layer having optical 
properties different from those of the growing layer and the substrate is formed 
between them when the growing layer subject to measurement of rate of growth 
and the substrate are made of the same material. Specifically, the first structure 
is formed using the substrate for temperatxire estimation which is not provided 
with any pattern in the following manner. 
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First, the substrate for temperature estimation made of Si is 
subjected to a known cleaning treatment such as RCA for removal of impurities 
from its svirface. The substrate is treated with a hydrofluoric acid based chemical 
hquid to remove oxide film from the substrate surface at the final stage of the 
cleaning treatment. The substrate thus turned into a soxaUed hydrogen 
terminated surface condition is introduced into a crystal growth apparatus. 
Usable crystal growth apparatus for sihcon-based mixed crystals include 
apparatus utilizing MBE (Molecular Beam Epitaxy) process, apparatus utihzing 
LP-CVD (Low Pressure Chemical Vapor Deposition) process and apparatus 
utilizing UHV-CVD process. While the present invention can be carried out 
using a crystal growth apparatus of any type, in this embodiment, a crystal 
growth apparatus utihzing UHV-CVD process is used as an iQustrative example. 

The substrate for temperature estimation thus introduced into the 
crystal growth apparatus is heated at a temperature ranging from TOO^C to 750ti; 
for five minutes in an ultra high vacuum atmosphere to remove residual oxide 
film remaining on the substrate surface, thereby exposing a clean crystal surface. 
Thereafl;er, the substrate temperatvire is lowered to a temperature for crystal 
growth. The temperature for crystal growth is suitably about SOO'C to about 
eSO'C. In this embodiment, GOO^C is selected. When the substrate temperatvire 
becomes stabilized at the temperature for crystal growth, source gases are 
introduced into the crystal growth apparatus to initiate a chemical reaction 
between the source gases and the material of the substrate at the substrate 
surface, thus allowing epitaxial growth to proceed. 

The layer epitaxially grown on the substrate for temperature 
estimation is made of a material that is optically different from the material of the 
substrate for temperature estimation. This is because the film thickness of the 
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growing layer subject to measxirement is measured by an optical technique in 
measuring the rate of growth of the growing layer, as described later. Here, some 
combinations of materials cause crystalline defects to occur during crystal growth 
and hence make it difficult to allow a crystal subject to measurement for its rate of 
growth to grow epitaxially on such crystalline defects in a good condition. For 
this reason, the material which is optically dififerent from that of the substrate for 
temperature estimation, needs to be selected from materials which can be 
epitaxially grown into defect-free and good-condition crystals on the crystal of the 
substrate while allowing the same material as the substrate to grow thereon 
without crystalline defects. 

If the substrate is made of Si, SiGe mixed crystals can satisfy the 
aforementioned requfrements sufficiently However, a SiGe mixed crystal having 
too low a Ge composition ratio has an optical constant that is not very different 
from that of Si, so that the precision of measurement of the film thickness of a 
layer to be measured for its rate of growth is lowered, which is inconvenient in 
canying out the present invention. As apparent from Fig. 3 showing theoretical 
spectra obtained using a layer having a Ge composition ratio of 2%, the 
interference effect resulting from difference in film thickness is lowered as 
compared with theoretical spectra obtained using a layer having a Ge composition 
ratio of 15%. For this reason, the Ge composition ratio of such a layer is 
preferably at least 5%. On the other hand, a SiGe mixed crystal having too high 
a Ge composition ratio has a lattice constant that is largely different from that of 
Si of the substrate, which may result in crystalline defects such as dislocation due 
to lattice strain or in increased surface roughness, thus necessitating careful 
attention to be paid thereto. For this reason, the upper hmit of the Ge 
composition ratio is preferably about 15%. lb avoid the occurrence of crystalline 
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defects, the film thickness of a SiGe layer having any Ge composition ratio is not 
more than a critical film thickness of the layer. 

The crystal growth apparatus is supphed with disilane and germane 
to grow a SiGe layer epitaxially. In growing a SiGte layer having a Ge 
composition ratio of 15%, 28 seem of germane relative to 22 seem of disilane is 
supphed. The film thickness of this SiGe layer needs to be not more than a 
critical film thickness of the layer, which is about 100 nm when the Ge 
composition ratio of the SiGe layer is 15%. If this layer is too thin, the precision 
of measxu-ement is lowered. For this reason, the SiGe layer needs to have a 
thickness of at least about 10 nm. In this embodiment, the SiGe layer is grown to 
a thickness of 20 nm. Since the rate of growth of a SiGe layer having a Ge 
composition ratio of 15% is about 50 nm/min, the gases are introduced for about 
24 seconds. The film thickness of this layer is not necessarily controlled precisely 
and, hence, it is sufficient for the SiGe layer to grow to about 20 nm. 

Subsequently, a Si layer is epitaxially grown on the SiGe layer imder 
a reaction control condition. This can be achieved by stopping the supply of the 
sovtrce gas of germane with the supply of the source gas of disilane continued. 
Where Si is grown on the SiGe layer which has been grown to a thickness not 
more than the critical film thickness thereof on the Si substrate, the rate of 
growth of Si is as same as in the case where Si is grown directly on the Si 
substrate. If the film thickness of the Si layer is too thin, the precision of 
subsequent measurement of film thickness is lowered. For this reason, the Si 
layer needs to have a thickness of at least about 10 nm, or preferably about 100 
nm if possible. In this case, setting the growth time to a simple value, for 
example one minute or 100 seconds, is convenient in later calculation of the rate of 
growth. Since the rate of growth of Si is about 2 nm/min at a substrate 
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temperature of about 600*0, Si is grown for 50 minutes in this embodiment. 

After the Si layer has been thus epitaxially grown imder the reaction 
control condition, the supply of the source gas is stopped and the substrate for 
temperature estimation is cooled. Then, the substrate is taken out of the 
apparatus. Thus, the first structiire is completed. 

Fig. 4 is a conceptual view schematically showing the construction of 
a first structure formed in the manner described above. As shown in Fig. 4, SiGe 
layer 102 and Si layer 103 are sequentially stacked on substrate for temperature 
estimation 101. Reference numeral 104 in Fig. 4 denotes an oxide film or sur&ce 
roughness layer to be described later. 

Measurement of the film thickness of the Si layer 103 thus 
epitaxially grown is conducted using a spectroscopic eUipsometer to determine the 
rate of growth of the Si layer 103. The "eUipsometer" is an instrument capable of 
analyzing the state of a subject to be measured by irradiating the subject with 
linearly polarized fight and measuring physical values W and A related to the 
polarized condition of fight reflected firom the subject. Among such elfipsometers, 
one adapted for measurement with plural wavelengths is called "spectroscopic 
eUipsometer" and is capable of evaluating and analyzing a compficated structure. 
In this embodiment, such a spectroscopic eUipsometer is used because analysis on 
a mvQti-layered structiu'e is needed. Wavelengths of fight required in 
measurement of the film thickness of the Si layer 103 are such that- the respective 
optical constants of Si and SiGte are sufficiently different firom each other; fight is 
not absorbed very much in the Si layer 103; and fight reflected by the interface 
between the Si layer 103 and the SiGe layer 102 is sufficiently measurable. Si 
and SiGre have different optical constants over a wavelength range fi:om 
ultraviolet to infirared, but both exhibit high fight absorption in ultraviolet range. 
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For this reason, it is preferable to select a wavelength range including a visible 
Ught range in canying out the present invention. Light having a wavelength 
within the visible Hght range does not attenuate very much even when it passes 
through a 100 nm-thick Si layer and hence can be used in film thickness 
measurement. Fig. 5 is a diagram showing theoretical spectra obtained from 
measurement of respective structures each comprising a Si substrate, a 20 nm- 
thick SiGe layer having a Gre composition ratio of 15% formed on the Si substrate, 
and a Si layer having a thickness of 90 nm, 100 nm or 110 nm formed on the SiGe 
layer at an angle of 65® with the spectroscopic eUipsometer,. Though there is 
observed no difference between spectra in a wave range of not more than 350 nm 
due to differences in Si layer thickness because Ughts used are all attenuated at 
the respective Si layers, differences between W^A spectra due to differences in Si 
layer thickness are observed in a wave range of more than 350 nm. This means 
that the W,A spectra in that range contain information about the thicknesses of 
the Si layers. Thus, the thickness of a Si layer can be determined by analysis of 
such WA spectra. 

Usually, however, it is very difficult to determine a film thickness 
directly from values ofW and A. For this reason, an operation is performed 
iacluding- assimiing a first structure (as to its stacked structure, thickness of each 
layer, composition of each layer and the hke); and finding a structure having 
measured values ofW and A that are closest to theoretical values ofW and A 
derived fxx)m the first structxire. Specifically, with the types and stacking order of 
layers and the like being fixed, the thickness or composition ratio of each layer is 
used as a parameter to find a value of parameter with which the difference 
between the measured values oiW and A and the theoretical values otW and A 
(usually the square sxmi of the differences between these two) becomes smallest. 
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Though the first structure formed in this embodiment has a 
structure- Si layer 103/SiGe layer 102/Si substrate 101, an oxide film or surface 
roughness layer 104 is formed on the surface, because in analysis by the 
spectroscopic eUipsometer, the influence of the oxide layer or svirface roughness 
layer 104 is taken rato consideration. Parameters for use are the film thickness 
of the Si layer 103, film thickness of the SiGe layer 102, Gre composition ratio of 
the SiGe layer 101, film thickness of the surface roughness layer 104, and angle of 
incidence of hght. Initial values are given to these parameters, and values of the 
respective parameters such as to minimize a value to be estimated such as the 
square sum of the differences between measured values ofW and A and 
theoretical values ofW and A, are determined by utilizing an algorithm such as 
steepest descent method. By considering the values of the respective parameters 
with which the value to be estimated becomes the minimum to be measiu-ed 
values, the film thickness of the Si layer 103 can be determined. 

Thus, even when a layer of the same material as a substrate is 
epitaxially grown, growing another layer made of a material optically different 
from the material of the layer and the substrate between them gives rise to an 
interference effect and hence makes it possible to measvire the film thickness of 
the layer of the same material as the substrate. The rate of growth of this layer 
can be determined by dividing the film thickness thus measured by the time 
required for the growth of the layer. 

Since measurement by the spectroscopic eUipsometer is 
nondestructive, there is no need to cleave a sample, unlike a method of 
measurement employing an electron microscope. Further, since the spectroscopic 
eUipsometer is capable of rapid measurement, it can be used in an apphcation 
requiring multiple measurements such as measurement of a growth rate 
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distribution in a plane. In addition, measiu-ement by the spectroscopic 
ellipsometer can be achieved if a siofficiently large region for measurement is 
secured on a substrate and, hence, the spectroscopic eUipsometer can be used in 
analyzing both of a substrate provided with a pattern and a substrate which is not 
provided with any pattern. While the area of the region depends on the structure 
of a spectroscopic eUipsometer to be used, a region having an area of several 
hundred micrometers square is usually sufficient for the spectroscopic 
eUipsometer to achieve measurement. Thus, if such a region can be secured on a 
substrate to be actuaUy used in measurement of the rate of growth of a layer 
thereon, it is possible to measure the rate of growth of a layer on a substrate 
provided with a pattern. A plurality of such regions may be provided in the plane 
of a substrate. If, for example, one such region is provided for one chip that wiU 
be a product, it is possible to determine a rate of growth at a specific chip, hence to 
predict an yield as weU as to aUow a crystal growth apparatus to be modified to 
reaUze uniform rate of growth. Of course, if a distribution of rate of growth in a 
substrate plane is gentle, the number of regions for measurement may be smaUer 
than the number of chips. 

Instead of the spectroscopic eUipsometer, a spectral reflectometer 
may be used to measure the film thickness of the layer of the same material as the 
substrate. In this case, the film thickness of such a layer can be measured 
foUowing substantiaUy the same procedure as in the case of the spectroscopic 
eUipsometer except that resistivity is used instead of values ofW and A. Pig. 6 
shows spectra obtained firom measurement of the same structure as in Fig. 5 with 
such a spectral reflectometer. It is to be noted that the angle of measurement 
assimies 10° in this case. The spectral reflectometer is advantageous over the 
spectroscopic eUipsometer in that the reflectometer is generaUy less expensive 
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than the ellipsometer and that reflectometer requires a smaller region for 
measurement. However, in terms of the precision of film thickness measurement, 
the spectral reflectometer is sometimes inferior to the spectroscopic ellipsometer. 

In this embodiment, SiGe is selected as the material for the layer 
between the Si layer and the Si substrate. This is because SiGe is one of optimal 
materials for use in carrying out the present invention to measure the rate of 
growth of the Si layer. It is, however, needless to say that the present iavention 
can be carried out without limitation to this material. In the present invention, it 
is possible to use any material which is different in optical constant fi:om the 
substrate, produces an optical interference effect, and can epitaxially grow 
without crystaUine defects. In measurement of the rate of growth of the Si layer, 
a SiGeC layer may be selected as the layer between the Si layer and the Si 
substrate instead of the SiGe layer. If a sovirce containing C such as methylsilane 
is suppUed at the same time with supply of other sources in growing SiGe by 
UHV-CVD process, C is incorporated in the resulting crystal to allow SiGeC to 
grow epitaxially. Since C has a lower lattice constant than Si or Ge, it fimctions 
to lower the lattice constant of the layer which wovdd otherwise rise by an 
increased Ge composition ratio, thereby reducing lattice strain. Accordingly, such 
a SiGeC layer can loosen the limitation on the critical film thickness to a larger 
extent than the SiGe layer and allows the Ge composition ratio thereof and the 
film thickness thereof to increase for a stronger iaterference effect. Thus, if the 
SiGeC layer has a film thickness equal to that of the SiGe layer, difference in 
optical constant between SiGteC and Si can made larger than that between SiGe 
and Si by making the Ge composition ratio thereof higher than that of the SiGe 
layer, hence can enhance the precision of measurement of the film thickness of the 
Si layer. If the SiGeC layer has a Ge composition ratio equal to that of the SiGe 
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layer, the SiGeC layer can be made thicker than the SiGe layer. This causes a 
more conspicuous interference effect, which contributes to a higher precision of 
measurement of the Si layer. 

It is to be noted that, of course, a rate of crystal growth can be 
masured without depending on the concentration of an impurity such as B, As or P. 

The foregoing method of measuring the rate of crystal growth is not 
limited to the growth of the same material as the substrate and can measure the 
rate of growth of a material having physical properties near those of the substrate. 
For example, among SiGe mixed crystals, those having low Ge composition ratios 
are very similar to Si in various physical properties. For this reason, it is difficult 
for the conventional method of measvirement to measvire the film thickness of a 
SiGe single layer having a Ge composition ratio of 2% grown on a Si substrate 
precisely. For instance. Fig. 7 shows theoretical spectra obtained from samples 
each including a SiGe layer having a Ge composition ratio of 2% formed directly 
on a Si substrate with the spectroscopic eUipsometer. Though the SiGe layers 
have thicknesses of 90, 100 and 110 nm, there is Uttle difference between the 
corresponding theoretical spectra. However, if a SiGre layer having a Ge 
composition ratio of 15% is formed prior to the formation of a SiGe layer having a 
Ge composition ratio of 2% as in this embodiment, the difference in Ge 
composition ratio between the layers resxilts in a different ia optical constant 
between them (see Fig. 8). Thus, it is possible to measure the film thickness of 
the layer having a Ge composition ratio of 2% with a spectroscopic eUipsometer, 
hence, determine the rate of growth of the layer with high precision. 

In this way, by forming the SiGe layer having a relatively high Ge 
composition ratio (hereinafter referred to as "first SiGte layer", indicated by 
reference nimiieral 102 in Fig. 4) prior to the formation of a SiGe layer having a 
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relatively low Ge composition ratio (hereinafter referred to as "second SiGe layer^', 
indicated by reference numeral 103 in Fig. 4), it becomes possible to measure the 
film thickness of the second SiGe layer with the spectroscopic ellipsometer or the 
like. Though it is difficult to measure the film thickness of the second SiGe layer 
with the spectroscopic ellipsometer or the like if the difference in Ge composition 
ratio between the first SiGe layer and the second SiGe layer is very small, a 
difference of 5% ia Ge composition ratio between these layers allows 
measurement of the film thickness of the second SiGe layer to be achieved with 
sufficient precision. However, in the case where the Ge composition ratio of the 
second SiGe layer is higher than 5% for example, the difference in optical constant 
between the second SiGe layer and the Si substrate is large enough and, hence, 
the film thickness of the second SiGe layer can be measured with the 
spectroscopic eUipsometer or the like without the need to form the first SiGe layer 
between the second SiGe layer and the Si substrate. For this reason, the present 
invention is significant when it is apphed to cases where the Ge composition ratio 
of the second SiGe layer is 5% or lower. The Ge composition ratio of the first SiGe 
layer is about 30% at maximum. 

The present invention is appUcable to Sii-yCy having a relatively low 
C composition ratio, SiGeC having relatively low (not more than about 2% for 
example) Ge composition ratio and C composition ratio, and the like as weU as to 
the SiGe layer described above since these materials are very similar to Si in 
various physical properties. It is difficult to measure the film thickness of a layer 
made of SiGeC having a relatively low C composition ratio with the spectroscopic 
ellipsometer or the like because the optical constant of such SiGeC is substantially 
equal to that of SiGe having a Ge composition ratio equal thereto. For this 
reason, where the second layer made of SiGeC having a relatively low C 
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composition ratio is to be stacked on the first SiGe layer, the difference in Ge 
composition ratio between the first SiGe layer and the second layer is preferably 
set to 5% or larger. 

As described above, it is possible to use the SiGe layer, the Sii^Cy 
layer, the SiGeC layer or the like instead of the Si layer. In view of this, a layer 
stacked on the SiGe layer formed on the Si substrate will be referred to as a "Si- 
contauiing layer" instead of the "Si layer" in the following description. 

The rate of epitaxial growth of a layer is basically not dependent on 
the type of a layer having been grown prior to the epitaxiad growth of the layer or 
on the type of a layer to be grown subsequently of the layer on condition that the 
substrate temperature and the source gas supply conditions dvtring the growth of 
the layer of interest are constant. Accordingly, the rate of growth of a certain 
material determined following the procedure of the present invention can be 
utilized in controlling the film thickness or the like of a layer comprising an 
epitaxial layer of the certain material during its growth. For example, once the 
rate of growth of the Si-containing layer has been determined according to the 
method of the present invention, the rate thus determined can be utilized in 
controlling the film thickness of a Si cap layer included in the epitaxial growth 
layer structure of any one of various Si-based heterostructure devices including 
SiGe hetero FETs as weU as SiGeHBTs. 

In this way, the rate of growth of the Si-containing layer 103 on the 
substrate for temperature estimation 101 can be measured. As described earher, 
the substrate temperature of the substrate for temperature estimation 101 can be 
measured precisely with use of a pyrometer since the substrate 101 is not 
provided with any pattern. Based on the rate of growth of the Si-containing layer 
103 and the substrate temperature of the substrate for temperatvire estimation 
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101 thus measured, C(x) and E(x) in the aforenoted equations (l) and (2) can be 
obtained. Since the substrate for temperature estimation 101 is a Si substrate, 
the value of x is 0. 

When CCx) and E(x) are given, the substrate temperature can be 
determined from the rate of growth of a growing layer based on equation (2). Fig. 
9 shows the relationship between substrate temperature and rate of growth of the 
Si-containing layer obtained based on C(x) and E(x) thus determined. 

As described above, the first stage of the method of estimating 
substrate temperature of the present invention is to form the first structure using 
the substrate for temperature estimation 101 and then find the relationship 
between substrate temperature of the substrate for temperature estimation 101 
and rate of growth of the Si-containing layer 103. Subsequently, description wiU 
be made of the second stage of the method of estimating substrate temperature of 
the present invention. 
Second Stage 

In the second stage, the rate of growth of a growing layer on a 
substrate for device fabrication for use in an actual fabrication process is 
measured, and the substrate temperature of the substrate for device fabrication is 
estimated based on the measured rate of growth and the relationship between 
substrate temperature of the substrate for temperature estimation 101 and rate of 
growth of the Sixontaining layer 103, which have been measured in the first stage. 

First, a second structure of the same construction as the first 
structure formed using the substrate for temperatxu^ estimation 101 in the first 
stage, i.e., Si-containing layer/SiGe layer/Si substrate, is formed following the 
same procedure as in the first stage. Here, the Si substrate in the second 
structvire is a substrate for device fabrication provided with a pattern unlike the 
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substrate used in the first structure. 

Measurement of the rate of growth of the Sixontaining layer in the 
second structure will be described in more detail. Initially, the substrate for 
device fabrication is heated until a part of the substrate which can be precisely 
measured for its temperature reaches a predetermined temperature (hereinafter 
referred to as "reference temperature"). The "part which can be precisely 
measured for its temperature" is, for example, the reverse surface of the substrate 
or the inside of the susceptor. The temperature of such a part can be measured 
precisely by using a thermocouple or the like. In this embodiment the 
temperature inside the susceptor is measured with such a thermocouple and the 
substrate is heated imtil the temperature inside the susceptor reaches the 
reference temperature. 

When the temperature inside the susceptor has reached the 
reference temperatxire, soxirce gases are suppUed while keeping the reference 
temperature to allow the Si-containing layer to grow epitaxially under a reaction 
control condition. 

The film thickness of the Si-containing layer thus grown is measured 
using the spectroscopic elhpsometer or the spectral reflectometer as in the first 
stage. Subsequently, the rate of growth of the Si containing layer is calculated by 
dividing the film thickness thus measured by the time required for growth. To 
allow the spectroscopic eUipsometer or spectral reflectometer to measure a film 
thickness, a pattem-firee flat region having an area sufficient to accommodate a 
measurement spot is needed. Usually, it is sufficient for this region to have an 
area of about several hundred micrometers square, though the required area 
varies depending on measuring instnmients. For this reason, the substrate for 
device fabrication is previously provided with such a region. A required nimiber 
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of such regions can be formed on the substrate for device fabrication. If such 
regions are formed in the portion of the substrate that can be utilized for device 
fabrication, the area of the substrate that can be utilized for device &.brication is 
reduced, so that the nxmiber of devices to be obtained from one substrate is 
reduced. It is therefore preferable to form regions for measurement within the 
portion that is not utihzed in device fabrication such as a scribe lane. 

Though the rate of growth of the Si-containing layer can be 
measured in the manner described above, it is difficult to measure the substrate 
temperature of the substrate for device fabrication at the time when the rate of 
growth of the Si-containing layer is measured. This is because the pattern 
formed on the substrate for device fabrication makes it difficxilt to measure the 
substrate temperature precisely with the pyrometer. For this reason, the 
measured rate of growth of the Si-containing layer in the second structxu-e is 
compared with the rate of growth of the Si-containing layer 103 determined in the 
first stage, and the substrate temperature of the substrate for temperatiu'e 
estimation corresponding to the rate of growth of the layer 103 determined in the 
first stage that is equal to the rate of growth of the Si-containing layer in the 
second structure is estimated as the substrate temperatinre of the substrate for 
device fabrication. 

As apparent from Fig. 9, when the rate of growth of the Si-containing 
layer 103 in the first structure is 9 nm/min for example, the substrate 
temperature of the substrate for temperature estimation is about 873K. Thus, 
when the measured rate of growth of the Si containing layer in the second 
structvire is 9 nm/min, the substrate temperature of the substrate for device 
fabrication is estimated to be about 873K. 

While the first stage and the second stage are different fix)m each 
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other in that the substrate used is whether the substrate for temperature 
estimation which is a Si substrate which is not provided with any pattern or the 
substrate for device fabrication which is a Si substrate provided with a pattern, 
they have a common feature that a Si-containing layer is epitaxially grown on a Si 
substrate. Accordingly, if the rates of growth of the layers comprising Si are 
equal to each other, the substrate temperature of the substrate for temperature 
estimation and the substrate temperature of the substrate for device fabrication 
during the growth of respective layers comprising Si are considered to have the 
same value. Thus, the substrate temperature of the substrate for temperatiu'e 
estimation corresponding to the rate of growth of the Si"Containing layer 103 
determined in the first stage that is equal to the rate of growth of the Si- 
containing layer in the second structiu-e can be estimated as the substrate 
temperature of the substrate for device fabrication. 

It is needless to say that the Si-containing layer 103 in the first 
structure and the Si-containing layer in the second structure need to be made of 
the same material. That is, if the Si-containing layer 103 in the first structvire is 
a Si layer, then the Si-containing layer in the second structure is also a Si layer. 
Likewise, if the Si-containing layer 103 in the first structure is a SiGe layer, Sii- 
yCy layer, SiGeC layer or the Hke, then the Si-containing layer in the second 
structure is also a SiGe layer, Sii-yCy layer, SiGeC layer or the like. 

By repeating the procedure described above with the reference 
temperature varied, it is possible to find a correlation between estimated 
substrate temperatiures of the substrate for device fabrication and reference 
temperatures. Specifically, it is possible to know what degree in centigrade the 
substrate temperature of the substrate for device fabrication has when the 
reference temperature has a certain degree in centigrade. Thus, it is possible to 
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know to what degree in centigrade the substrate temperatvire of the substrate for 
device fabrication needs to be set in order for the rate of growth of the Si- 
containing layer to have a desired value and to what degree in centigrade the 
temperature inside the susceptor needs to be set in order for the substrate 
temperature of the substrate for device fabrication to have a desired value. 
Therefore, the rate of growth of the Si containing layer can be set to a desired 
value by adjusting the temperatvire inside the susceptor. 

Although the substrate temperature of the substrate for device 
fabrication is dependent on the pattern formed prior to the epitaxial growth 
process, it is not dependent on the layer grown in the epitaxial growth process. 
Accordingly, the set temperature inside the susceptor determined based on the 
rate of growth of the Si-containing layer can also be utilized in epitaxial growth of 
another layer. 

It is sufficient for the set temperature inside the susceptor to be 
determined once for each type of substrate for device fabrication. By 
automatically adjusting the set temperature in such a manner that a desired 
value is read out from a data base in which values of the set temperatures are 
stored, it becomes possible to fabricate a desired structure easily. 
EmhnHiTTiftnt 9 

In embodiment 1, the substrate temperatvire of the substrate for 
device fabrication and the rate of growth of the growing layer in the second 
structure are measured at one point. In embodiment 2, on the other hand, the 
substrate temperatvire of the substrate for device fabrication and the rate of 
growth of the growing layer in the second structure are measured at plviral points. 
By so doing, it is possible to know the distribution of substrate temperatvire in the 
plane of the substrate for device feibrication. 
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First, the first stage of embodiment 1 is carried out. Subsequently, 
the second stage of embodiment 1 is carried out to form a second structure and the 
film thickness of a Si-containing layer is measured with a spectroscopic 
ellipsometer or spectral reflectometer. The spectroscopic eUipsometer or spectral 
reflectometer used in this embodiment has a movable stage on which the second 
structure is placed and hence is capable of measuring the film thickness of the Si- 
containing layer at any desired point in the plane of the second structure. Such a 
spectroscopic eUipsometer or spectral reflectometer thus constructed is generally 
used in semiconductor fabrication foctories. 

By the use of such an instrument, film thicknesses of the Si- 
containing layer at plural points in the plane of the second structure are 
measured while shifting the measurement point. Rates of growth of the Si- 
containing layer at the plural points are calculated fi*om the corresponding film 
thicknesses of the Si-containing layer thus measured in the manner described 
earher. 

Subsequently, substrate temperatures of the substrate for device 
fabrication at plural points are estimated firom the rates of growth of the Si- 
containing layer at the plural points thus calculated and the relationship between 
substrate temperature of the substrate for temperature estimation 101 and rate of 
growth of the Si-containing layer 103 in the first structure, which has been foimd 
in the first stage. By doing so, it is possible to know the distribution of substrate 
temperature in the plane of the substrate for device fabrication. By adjustments, 
such as to change the output ratio between plxu-al heaters, based on the 
temperatvire distribution in the plane of the substrate thus obtained, it is possible 
to reduce variations in substrate temperature in the plane of the substrate for 
device fabrication. As a result, a higher yield can be realized. 
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In each of the foregoing embodiments 1 and 2, the Si"Containing 
layer is epitaxially grown on the SiGe layer formed on the Si substrate and the 
substrate temperature of the substrate for device fobrication is estimated based 
on the rate of growth of the Si-containing layer. An alternative method of 
estimating substrate temperatiwe is conceivable, which includes- growing a 
polysihcon layer on a Si02 film formed on a Si substrate; and estimating the 
substrate temperatvire based on the rate of growth of the polysihcon layer. Siace 
polysilicon grows imder a reaction control condition like Si, it seems that the 
substrate temperature can be effectively estimated even from the rate of growth of 
such a polysihcon layer. With such a polysihcon layer, however, the precision of 
substrate temperature estimation is lower than with a sihcon layer. The 
following description is directed to this point. 

Fig. lOAis a diagram showing the relationship between film 
thickness of a growing layer of a single crystal such as Si and growth time and Fig. 
lOB is a diagram showing the relationship between film thickness of a growing 
layer of a polycrystal such as polysihcon and growth time. 

As apparent fix)m Fig. lOA, in the case of the growing layer of a 
single crystal, film thickness of the growing layer and growth time are directly 
proportional to each other. Accordingly, the rate of growth of a single-crystal 
growing layer can be determined easily. On the other hand, as apparent from Fig. 
lOB, film thickness of the polycrystal growing layer and growth time are not 
directly proportional to each other because lapse of a certain time period is 
required before the starting of growth. For this reason, the rate of growth of the 
polycrystal growing layer can not easily be determined and an error tends to occur. 
As a result, the precision of substrate temperature estimation based on the rate of 
growth of such a polycrystal growing layer is lower than that based on the rate of 
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growth of a single-crystal growing layer. It is, therefore, preferable to conduct 
substrate temperature estimation based on the rate of growth of a Si layer, which 
is made of single crystal, as in the foregoing embodiments 1 and 2. 

While only certain presently preferred embodiments of the present 
invention, which should be construed as not limitative but illustrative of the 
present invention, have been described in detail for the purpose of teaching the 
best mode for carr3rtng out the invention to those sldlled in the art, as wiU be 
apparent for those skilled in the art, various modifications and other variations 
can be made in the embodiments without departing fi'om the spirit and scope of 
the present invention as defined by the following claims. 



